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1. The designated Office is hereby notified of its election made: 

[~X| in the demand filed with the International Preliminary Examining Authority on: 

08 January 2001 (08.01.01) 



Q in a notice effecting later election filed with the International Bureau on: 
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Applicant's or agent* s file reference 
037/01051 


International application No. 
PCT/IL99/00300 



The applicant is hereby notified that the International Bureau has received the record copy of the international application as 
detailed below. 

Name(s) of the applicant(s) and State(s) for which they are applicants: 

ELGEMS LTD. (for all designated States except US) 

BALAN, Adi et al (for US) 
international filing date 06 June 1999 (06.06.99) 

Priority date(s) claimed 
Date of receipt of the record copy 
by the International Bureau 

List of designated Offices 



25 June 1999 (25.06.99) 



AP:GH,GM,KE,LS,MW,SD,SL,SZ,UG,ZW 
EA :AM,AZ,BY,KG,KZ,MD,RU,TJ,TM 

EP :AT3E,CH,CY,DE,DK,ES,FI,FR,GB,GR,IEJTmMC,NL,PT,SE 
OA rBF^J/CF^CCLCM^AGN^vV^mvlR^E^N.TDJG 

National :AE,AL,AM,AT,AU,AZ,BA,BB3G,BR3Y,CA,CH,CNXU,CZ,DE,DK,EE,ES,^ 

GH.GM^R^UJD.ILJN^SJP^E^G^P^R^Z^CAK^R^S^T^U^V^aMG^K^N^W^X, 

NO,NZ,PL,PTmRU,SD,SE,SG,SI,SK,SLJJJMJR,TT,UA,UG,US,UZ,VN,YU,ZA,ZW 



ATTENTION 

The applicant should carefully check the data appearing in this Notification. In case of any discrepancy between these data 
and the indications in the international application, the applicant should immediately inform the Internat.onal Bureau. 
In addition, the applicant" s attention is drawn to the information contained in the Annex, relating to: 

| X| time limits for entry into the national phase 

[ ] confirmation of precautionary designations 

[ | requirements regarding priority documents 

A copy of this Notification is being sent to the receiving Office and to the InternationalSearching Authority. 
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ISRAEL 


Date of mailing (day/month/year) 
29 July 1999 (29.07.99) 


Applicant's or agents file reference 
037/01051 


IMPORTANT NOTIFICATION 


International application No. 
PCT/IL99/00300 


International filing date (day/month/year) 
06 June 1999 (06.06.99) 



X the applicant 


a 


the inventor Q the agent j ] the common representative 


Name and Address 
SHREM, Ygal 


State of Nationality 
IL 


State of Residence 
IL 



Israel 



Facsimile No. 



Teleprinter No. 



2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 
| | the person [x] the name Q the address Q the nationality Q the residence 



Name and Address 


State of Nationality | State of Residence 

IL IL } 


SHREM, Yigal 


29 Keren Hayesod Street 

34970 Haifa 

Israel 


Telephone No. 




Facsimile No. 




Teleprinter No. 



3. Further observations, if necessary: 



4. A copy of this notification has been sent to: 
the receiving Office 



|~X] the International Searching Authority 
| | the International Preliminary Examining Authority 



| | the designated Offices concerned 
j ^ the elected Offices concerned 
| | other: 
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Administrative Instructions, Section 422) 
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FENSTER, Paul 
Fenster & Company 
Patent Attorneys, Ltd. 
P O Box 10256 
49002 Petach Tikva 
ISRAEL 


Date of mailing (day/month/year) 
29 July 1999 (29.07.99) 


Applicant's or agent's file reference 
037/01051 


IMPORTANT NOTIFICATION 


International application No. 
PCT/IL99/00300 


International filing date (day/month/year) 

06 June 1999 (06.06.99) 


1. The following indications appeared on record concerning: 

X the applicant X the inventor Q the agent Q the common representative 


Name and Address 

BERLAD, Gideon 
51/11 Biram Street 
34986 Haifa 
Israel 


State of Nationality 
IL 


State of Residence 
IL 


Telephone No. 


Facsimile No. 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 
|~| the person Q the name [x] the address Q the nationality Q the residence 


Name and Address 

BERLAD, Gideon 
11/52 Biram Street 
34986 Haifa 
Israel 


State of Nationality 
IL 


State of Residence 
IL 


Telephone No. 


Facsimile No. 


Teleprinter No. 


3. Further observations, if necessary: 


4. A copy of this notification has been sent to: 

X the receiving Office □ the designated Offices concerned 
| X| the International Searching Authority Q the elected Offices concerned 
| | the International Preliminary Examining Authority other: 


The International Bureau of WIPO 
34, chemin des Colombettes 
121 1 Geneva 20, Switzerland 

Facsimile No.: (41-22) 740.14.35 


Authorized officer 

Dominique DELMAS 

Telephone No.: (41-22) 338.83.38 


Form PCT/IB/306 (March 1994) 


002761361 
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(PCT Article 36 and Rule 70) 
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PCT 



Applicant's or agent's tile reference 



037/01051 



See Notification of Transmittal of International 

FOR FURTHER ACTION PreUminarv Examination Report (Form PCT/IPEA/416) 



International application No. 
PCT/IL99/00300 



International filing date (day/month/year) 
06 June 1999 (06.06.1999) 



Priority date (day/month/year) 



International Patent Classification (IPC) or national classification and IPC 



rpCO): G01T 1/161. 1/166 and US CI.: 250/363.04, 363.05, 363.08. 363,09 
Applicant 



ELGEMS LTD. 



1 . This international preliminary examination report has been prepared by this International Preliminary 
Examining Authority and is transmitted to the applicant according to Article 36 

2. This REPORT consists of a total of 0_ sheets, including this cover sheet. 

[3*fto report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings 
which have been amended and are the basis for this report and/or sheets containing rectifications ma& 
before this Authority (see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total sheets. 



3. 



This report contains indications relating to the following items: 
I 



Basis of the report 
II n Priority 

in ^ Non-establishment of report with regard to novelty, inventive step and industrial appUcabihty 
IV Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability ; citations and explanations supporting such statement 

VI ^ Certain documents cited 

VII [^\ Certain defects in the international application 

VIII \^\ Certain observations on the international application 



Date of submission of the demand 
08 January 2001 (08.01.2001) 



Name and mailing address of the IPEA/US 

Commissioner of Patents and Trademarks 
Box PCT 

Washington. D.C. 20231 
Facsimile No. (703)305-3230 



Date of completion of this report 
28 August 2001 (28.08.2001) 



Authorized officer 



v <<Seungsook 1 
Telephone No. 



in 




703)308-0956 



Form PCT/IPEA/409 (cover sheet)(July 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/IL99/00300 



| L Basis of the report 

1. With regard to the elements of the international application: * 
□ the international application as originally filed, 
the description: 

as originally nlea 

filed with the demand 
* filed with the letter of 



1-21 



pages NONE 



pages NONE. 



the claims: 
pages NONE 



pages NONE 



- Z HE Sther with any statement) under Article 19 
~ t filed with the demand 



pages 22-30 

the drawings: 
pages 1-10 _ 



pages NONE 



pages 



^ as originally filed 
t filed with the demand 
* filed with the letter of m 



* 

PI the sequence listing part of the description: 
pages none as originally filed 



pages NONE 

pages NONE filed with tne teoer oi aua « a hle or fiimished to this Authority in the 

2 . Wifc^^e^^ 

□ the language l.*^^"*^*"^?^ 1 ™'™' 

["I contained in the international application in printed form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

has been furnished. 
4. |3 The amendments have resulted in the cancellation of 

| | the description, pages NONE 
|3 the claims, Nos. 64^3 

□ the drawings, sheets/fig NONE since ^ ^ been considered to go 

5 n This report has been established as if (some of) the £S Si""* 

5 • U disclosure as filed, as indicated in the Supplemental ^ ^70.^ ^ f0 in 

• ^^^^^^»*^EiT:^— ^70,6^70,7, 

?>SS2tt^ 



* filed with the demand 
\ filed with the letter of m 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/1L99/00300 



| [ the entire international application, 
M claims Nos. 9-17, SO 



because 



□ the said international application, or the said claim Nos 

not require international preliminary examination (specify). 



relate to the following subject matter which does 



^ U^oomemi^opioiaicoulibefoiiiirfSfra/S.): 



opinion could be formed. 

international search report has been established for said claims Nos. 9,17^150 



no i 



2 ^^r^ 

□ the written form has not been furnished or does not comply with the standard. 
Q the corner readable form has not been fur nished or does not comply with the standard. 
Form PCT/1PEA/409 (Box 111) (Jury w»j 



the failure of the nucleotide and/or amino acid 



i international application No. 
INTERNATIONAL PRELIMINARY EXAMINA'nONREPORr |^pcT/IL99/00300^ 

IV Lack of unity of invention 

Q restricted the claims. 

^ paid aMtional fees. 
Q p^d additional fees tinder protest. 

□ neither restricted nor paid additional fees. 

„ -™* of unity of invention is not complied with and chose, according to 

2 □ -tr^^r^^^^^ 

r^o^^^ 

| | complied with. 

5?l not complied with for the foUowing reasons: 

, for nroducing aquation corrected nuclear medico 

X , clai m(s) 1-8. 2<M9. and 51-63. drawn to a method and appamtus for 
images; 

, . „ ^hod of mounting a CT imager on a gantry; 
0^ n .c^.) 18-28. amwnm.methodofn^ ^^^^.^of Invention (Rules 13.1. 13-2 and 

^ tt considers that the International Application does not comply w«h the require 

13.3) for the reasons indicated below. production of nuclear medicine 

mounting a CT imager on a gantry, dhected to the mounting of a CT imager on a 

Group 0 is directed to a £££ £So7E* a nuclear medicine image, 

gantry. The inventions of Group U lacK spewm 



Consequently, the following parts of the international application were 
examination in establishing this report : 



the subject of international preliminary 



all parts. 

[~~| lhe parts relating to claims Nos. 



Form PCT/IHbA/409 (Box IV) (July 1998) 



WRITTEN OPINION 



imeniational application No. 
PCT/IL99/00300 



V. Reasoned statement under Rule ««« ™ ^» 

_ and explanations sup^rtjngjuchsUteme^ 

1. STATEMENT 



Novelty (N) 
Inventive Step (IS) 
Industrial Applicability (IA) 



Claims »*-*>, and 5 1-63_ 
Claims NONE 



Claims I-', 52-63 
Claims 51 



Claims ]_-», i*-49, and Sl-63_ 
Claims NONE 



YES 
NO 



_YES 
NO 



YES 
NO 



2. CITATIONS AND EXPLANATIONS 
Please See Continuation Sheet 
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VI. Certain document s died 

1 Certain published documents (Rule 70. 10) 

Application No Publication Date 

Parent No. (day/month^ar) 

US 6,171.243 Bl ^Sl^Ol.2001) 



Filing Date 
^Ams /month/year) 
05 September 1997 
(05.09.1997) 
30 May 1997 (30.05.1997) 



Priority date (valid claim) 
^/monthfyearl 
05 September 1996 
(05.09.1996) 
None 




2. Non-written disclosures (Rule 70.9) 



Kind of nop-^tten disclosure 



Date of non-written disclosure 
{An y/month/year) 



Date of written disclosure referring to 
non-written disclosure 
jiin yimonthhear) 



Form PCT/IPBA/409 (Box VI) ^Juiy iyy<5) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



Supplemental Box preceding boxes is not sufficient) 
(To be used when the space in any or tne preccums 



International application No. 
PCT/IL99/00300 



'">;*r • 



1 

IT 

«3 



view of the ready availability at relatively low cost. 

rotation rates. or fair iy suggest a nuclear 

different rotation rates. or fair i y suggest a 

piurality of mounting elements at P^^^KeTredetermined positions. 

fothetW while keeping the mountmg elements at the prede P° - or ^ does uot teach or fairly suggest a 

body', responsive to the determined extent. of suggest a 
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, Supplemental Box preceding boxes is not sufficient) 
1 (Tn he used when the space in any or tne preccums 



acquiring x-ray imaging data by detectors irraoi^ , 

rays are produced. nrJn r »it does not teach or fairly suggest an 

ray CT imager has a capability or producing Rrt does not teach or fairly suggest an 
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PEA/US 2 J- AUG M 



10 



0 



15 



20 



n «clear medicine images of patients, 

1 Apparatus for producing attenuation corrected nuclear me<U 

comprising: nuc lcar image data suitable to produce a 

at least one gamma camera head that acquire . 

.. . at a first controllable rotation rale about an axis, 

nuclear tomographic unage at a first ^ suitablc to pro duce an attenuate 

aXicastoneX-rayCTtmagermatacqmresXray ^ rotanori rate 

for correction of the nuclear tomographic nnage at a second contxo 

sclecr^provideatleast^ fc 
fl) a movement gated NM « ^ « * * ^ ^ rf ^ x . wy 

^tionis T-^^C^^*- — d — — " 

(ii) acardiac gated NM unagmg mo &e X -ray acquisition for 

higher than the first rotation rate and the data from each view 
Xent rotations is averaged, wherein the X-ray data is not correlated with 

and . • ,„w>. the second rotation rate is higher than 

the first rotation rate and the X-iay ***** 
data. 



25 



3 ^^^«^^**^~^^^ tmaDd 
fi^andseoondrotauonrates to provide all throe of the modes of operation. 

rfh- to claim 1 or claim 2 wherein the provided modes of operation 
4 . Apparatus according to claim i or wi 

30 include at least mode (i). 
include at least mode (ii). 
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6 . Appamm. according .. cUnn , o, claim 2 wherem me »«— - °«~" ti » 
include at least mode (iii). 

5 7 . A nuclear medicine camera having an X-ray imaging capability, composing: 
at least one gamma camera mounted on a gantry; and 
an X-ray CT imager mounted on the same gantry, 

^2J7L one gamma camem and said X-ray imager are capable of 
^taneously rotating about a common axis at different rotation rates. 



10 i ^Micine camera according to claim 7 wherein the at least one gamma camera 

^) rotation rate. 

eam „ bring «pd* of acquiring ™*« °«* fe '°°° M 

one gamma camera. 

least one gamma camera «™» stationary portion. 

„. A system accoming to claim 9 wherein the at least one gamma camera comprises two 
3 o gamma cam eras . 
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,2 A system according »d»1l »b«d» the two s«=n» c«nen» have . callable 
mile „™ th» s„d taM* s cooler ** ~ttn>U ft. sotfe b»» 0- 
cameras. 

5 13. A system according to claim 10 wherem the at least one gamma camera comprises two 
gamma cameras. 

14 A^.«corfinetoe 1 ™l3-^t h e W .g^e^^'«» , " ,, ' blc 
^ betw-n *- s=d KM, • — — •* — * "» -* *— "* 
10 cameras. 

15 . A system accordmg to any of claims 9-14 where.n the X-ray imager utilizes a f^ed 
^ anode X-ray to produce X-rays. 

the gamma camera. 

17 A^^ngtoetolSwhe^toX-wso^is^leof^Uaec^ 
20 „,^^^™«.^<»^^^^^° tto "^" , * BOftog ™°" 



25 



camera. 

18. A method of mounting a CT imager on a gantry . 

detennining a center of rotation of a rotor of the gantry; 

siting a plurality of mounting elements at predetermined positions with respect to the 
center of rotation; and 

predetermined positions. 

30 19 A method according to claim 18 and including: 

proving a positioning jig referenced to said center of rotation; and 
attaching said mounting elements on said jig. 
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20. A method according to claim 19 wherein said method comprises: 
centering a post at the center of rotation; and 
mount Jig said jig on said post. 

5 21 A method according to any of claims lg-20 snd including: ^ e 

providing an X-ray source wherein the source is referenced to a first mountmg reference 

^providing an X-ray detector system wherein the detector is referent to a second 
mounting surface thereon; and ..w-nts 

24. a method according to any of claims 18-20 wherein attaching comprises attaching with 



screws. 



20 25. Atoetood^o^gtoetrim^wheteto^^cotopri^sgltong. 

26. .A^-»*lttxl--n.-^-^-^■ , ^^^ 

27. A method sccording to claim 22 wherein attaching comprises gluing. 

" 28. A^-^-^^'^-^'^''^^''^ 
29. 

nuclear image, comprising: 

acquiring nuclear emission data over a first axially extending port- of the body, 

determinmg an extent o^^^ 

! cq ^Hansmission data over a second axially extending porUon of the body, 
responsive to the determined extent. 

25 
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30. A m«hod according to Cairn 29 •* —* — *r — »• P— * — 

than the first axially extending portion. 

, 31 . A-^-^»^»-^*" , ^ 4-,,- * ,, "" ,- "* -, " 
acquiring a planar nuclear emission image. 

a.a.nai.mg „id Ml from »» «=T li « l " acle>1 
using an X-ray source. 

- 34 . A n^«c^ to cU i m39«c to 30-^ to --»'»>».^is-, U i»a 

15 using a gamma ray source. 

35. A ^«^ to cl^31»^^™^»^-^'^ ,,Sin8 ' ,lX - 
ray source. 

2Q 36. A^^^c^^w^^^^on^U^d^a 
gamma ray source. 

37 . Am ^^^»c.^32wh^^^'»™^-*^" siM "' X - 
ray source. 

25 ,g. A method according to claim 32 wherein the transmission data is acquired using a 
gamma ray source. 

^ ♦ i«™ « wherein the transmission data is acquired using an X- 

39. A method according to claim 33 wnerein uie 

30 ray source. 

♦ Uim 33 wherein the transmission data is acquired using a 

40. A method according to claim 33 wnerein mc 

gamma ray source. 
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41. A method of acquiring attenuation data for correcting a nuclear image, comprising: 
determining an extent of an organ of interest in the body, 

acXOTU "* extending portion of the body larger 

acquiring nuclear emission data over a first axiauy exrcnuins t~ 

5 than the organ of interest; and u^Av 
smaller than the first portion, 
planar X-ray image, 
using an X-ray source. 

44. A method according to claim 41 wherein detcrrnining an extent comprises acquiring a 
planar transmission gamma ray image. 

45. A method according to claim 41 or claim 44 wherein the transmission data is acquired 
20 using a gamma ray source. 

46. Anxcmodaccprd^tocuu^ 
planar nuclear emission image. 



15 



25 47 A method according to claim 41 wherein determining an extent comprises: 
determining said extent from said acquired nuclear emission data. 

48. A method of producing a nuclear medicine image of a subject, comprising: 

acquiring nuclear imaging data suitable to produce a nuclear tomograph* image, said 
30 nuclear hnagcdatabemgacqu^ e for 

attenuation correction of the ganuna camera image, said X-ray imaging data bemg acquired by 
detectors irradiated by an X-ray source rotating around the subject; 
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iLJLn. - attenorfon — — ^ Unhang *• 

imaging data and X-ray imaging data. 

S 49 A method according to claim 4S wherein the gaaima camera head includes a pl^tyof 
5 49. A method ac g sensitivity includes reducing 

photomultiplier tubes having dynodes, wherein re«u i»e 

voltages on said dynodes. 



30 



H* ted bv so X-ray nuce rotating around the subject for ft plurality of rotations, 

ae-cton ™* " rZof ft ram. vi*r rata. - dUfcran. ra-uo" of ft. X-ray 

15 averaging X-ray imaging date of a eame view uuu=u 

reconstructing an attenuation corrected gated nucicar 
nuclear imaging data and averaged ungated X-ray imaging data. 

2 0 51. Apparatus for producing attenuation corrected nuclear medicine images of patients, 
"^urali^ 

nuclear tomographic image at a plurality of positions about an axis; 

at leal! X-ray CT imager mat acquires X-ray data suitable to produce an a_n 

said X-ray CT imager comprising a stationary anode X-ray tube. 
52 App^tusforproducmganuc^ 

SZ. app»« r detector mounted on a gantry and 

al least one gamma camera having at least one aeiecior iu 

— «^—^ _ x ^ _ ^ „„ dgmW ^ ee^e or 

^ ~ J«- - detect separate foam detectors o f ftc gamnr. camera. 
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acquiring X-ray imaging data suitable to produce an X-ray tomographic image for attenuation 
correction of the gamma camera image; and 

circuitry capable of reconstructing an attenuation corrected nuclear medicine image 
utilizing the nuclear imaging data and X-ray imaging data, said C-T X-ray imager navmg a 
5 capability of producing a C-T image having an RMS noise level of only about 10 Hounsfield 
numbers or more. 

53. Apparatus according to claim 52 wherein the RMS noise level is more than 15 
Houndaficld numbers. 

54. Apparatus according to claim 52 wherein the RMS noise level is more than 20 
Houndsfield numbers. 

- 55. Apparatus according to claim 52 wherein the RMS noise level is more than 50 

1 5 Houndsfield numbers. 

56. Apparatus according to claim 52 wherein the RMS noise level is more than 100 
Houndsfield numbers. 

20 57. Apparatus according to claim 52 wherein the RMS noise level is less than about 200 
Houndsfield numbers. 

58 Apparatus according to any of claims 52-57 the X-ray imager is only capable of 
producing a tomographic image having a resolution poorer than about 2 lp/cm in a transaxial 
25 direction. 

59. Apparatus according to claim 58 wherein the resolution is poorer than about 3 lp/cm. 

60. A apparatus according to claim 58 wherein the resolution is poorer than about 4 lp/cm. 

30 

61. Apparatus for producing a nuclear medicine image of a subject, comprising: 
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nuclear tomographic image; and canable of 

• ^u*A™a an X-rav source, mounted on said gantry ana capaoie 01 
a C-T X-ray imager including an A-ray suuiw, 

a ray . „ _ detectors separate &om detectors of the gamma camera, 

5 about the axis and ^^^^^Zx ray tomographic image tor attenuation 

acquiring X-ray imaging data suitable to produce an X-ray tomographic in»g 

-n-eHon 0 f the eamma camera image; and ... 

«. Apparatus eceordtog to claim 61 wherein the resolution is poowtii^^out ' lp/eut. 

15 
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registration phantom for registering transmission and emission registration phantom for 

producing a nuclear medicine image or mounting a CT imager on a gantry. 
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(57) Abstract: A method of producing 
a nuclear medicine image of a subject 
comprising the steps of acquiring nuclear 
image data suitable to produce a nuclear 
tomographic image, the data being ; acquired 
by at least one gamma camera head (U, W 
rotating about the subject at an average first 
rate, acquiring x-ray imaging data suitable 
to produce an x-ray tomographic image for 
attenuation correction of the gamma camera 
image, the data being acquired by an array 
of detectors (20) irradiated by an x-ray 
source (18) rotating around the subject at an 
average second rate which is within a factor 
of 10 of the first rate, and reconstructing an 
attenuation corrected nuclear medicine image 
utilizing the nuclear imaging data and x-ray 
imaging data. 
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GAMMA CAMERA AND CT SYSTEM 

TTT1 T> OF JHE TMVFNTTON 

, *u fioiri r,f nuclear medicine and in particular to 

The present invention is related to the field of nuclear m 

• crir,* for localization and attenuation correction of 
gamma cameras with x-ray transmission imaging for localization 

nuclear images. _ T ^ T 

p fl mrrrenTTND OF TH£ TTMVF.NTION 

Anenuarion cordon in nuclear mchcine imaging is well known in lhe art * 
particular i« is we,l known when producing SPECT or PET images ,o correc, rhe unages for ft. 
" — o, - gamma ray s used for producing me image by intervenes nssue an 
£ hr particular, i, is known to generare an art— map (urree dunensrona, nnage or 
«wo dimensional slice,) of the region being imaged by ft. ^ 

the source of the gamma ray and the detector. 

me arJLnon image is produced in some prior art deuces using a 

. x . o vnv based CT attenuation images are usee 
5 rays to produce a nuclear CT (attenuation) image. X-ray b^ed C 

• * ™w art devices Devices which utiUze the same detector for acquirmg u 

in other pnor art devices, uevi different detectors 

. -"TZZZZZZ. — .-- — — 

— ■— - — - - ~ 

ntW QV ,. tems utiUze the same gantry for both the X-ray ana gami 
medicine images. Other systems utmze a 

25 imaging systems. Such systems are described for example m US Patent 
disclosure of which is incorporated herein by reference. 

SUMMAB2 Q£ THF INVENTION 
An aspect of some preferred embodiments of the invention is concerned with a system 
v * H pT T SPECT and X-ray CT capabilities. In preferred embodiments according to this 
which has PET, SPECT and X ray dimensional imaging (or 

30 aspect, the system can perform either x-ray, SPECT or PET thre 

multiple slices of two dimensions). with the 

An aspect of some preferred embodiment of me invent . concerned wrth -he 
relMi ve spd of detector ration of gamma camera heeds for .he ac,u,s,non of da* * 
SPECT imaging *td of X-ray dehors for action of dara for CT —on for me 
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attenuation correction map"ln particular, in accordance with some preferred embodiments of 
the invention, the CT image is acquired at a low rotation rate, comparable to the rate of rotation 
of the gamma camera heads. Alternatively, but less preferably, the X-ray data is acquired at a 
high rotation rate, and preferably over several rotations. The data from the same angle for the 
5 various rotations is then averaged. Additionally or alternatively, lower quality CT data is 
acquired to match the Gamma camera resolution and noise level. 

This allows for three important advantages. Firstly, this allows for matching between 
the conditions under which the data is acquired, i.e., the same averaging of body motion xs 
intrinsic for both acquisitions. Second, a slow rotation rate gantry may be used. Third, lower X- 
10 ray power may be used. This allows for a smaller power supply and for a smaller gantry, of the 
size and type normally suitable for gamma cameras alone. 

In some preferred embodiments of the invention, the power of the X-ray energy is 
adjusted to provide an optimum energy per view by operating in a pulsed mode, in which the 
pulse duty cycle is designed to give a desired signal to noise in X-ray data. The data may also 
1 5 be adjusted by providing quasi DC to the X-ray tube. That is to say, the duration of the X-ray is 
controlled to be sufficient to provide the desired total X-ray energy. 

An aspect of some preferred embodiments of the invention is concerned with a gamma 
camera which can create transmission and attenuation maps utilizing two detectors oriented 90<> 
degrees apart, 180° apart or at any selectable angle between 90° and 180°. 
20 ' An aspect of some preferred embodiments of the invention is concerned with the 
reduction of the amount of radiation utilized for the acquisition of the attenuation image. In 
accordance with a preferred embodiment of the invention, the NM image is acquired first. Then 
data for the attenuation image is acquired only over a range of the patient's body for which the 
NM image is of interest. In particular, the attenuation image is acquired only for a region 
25 containing organs of interest (as identified from the NM image) or, over regions of the body for 
which activity is identified in the NM image. 

An aspect of some preferred embodiments of the invention is concerned with the 
electrification of the X-ray system and the Gamma camera heads. In accordance with a 
preferred embodiment of the invention, a common set of conduits supplies power to the X-ray 
30 system and the Gamma camera heads. In some preferred embodiments of the invention, the X- 
ray generator used for attenuation data acquisition, including its power supply, are mounted on 
the gantry, such that only low voltage need be transferred to the rotating gantry. This transfer 
may be achieved by using slip rings or long coiled cables. 



An aspect of some preferred embodiments of the invention is concerned with the 
transfer of dan, from X-ray detectors and Gamma ray detectors to an image reconshncnon 
system. In a preferred embodiment of the invention the outpttis of the X-ray detectors and the 
gamma camera head or heads is digitized. The digitized signals are sent, via a common datt 
5 transmission line or lines to a common compnter system. In a preferred embodiment of the 
invention, the data is transmitted by a common condnctor or optical cable system. In another 
preferred embodiment, the dara is transmitted by a wireless link, for example an optical Itnk or 
a radio link. 

In a related aspect of some preferred embodiments of the invention, the same computer 
10 infrastructure, such as reconstruction algorithms and/or a common CPU is used to reconsttuc. 

both NM and X-ray images. 

An aspect of some preferred embodiments of the invention is concerned wtth a 
combined NM and X-ray CT system which operates in one or more of a plurality of modes. For 

example, some possible modes are: 
15 1) An ungated NM imaging mode, in which the X-ray detectors rotate together wuh the 

vv, a» v «,v detectors make a number of rotations and the data from the 
NM detectors or m which the X-ray detectors mdR-c a 

same view for different rotations is averaged. 

2) A respiration gated NM imaging mode in which the CT data is acquired in a htgh 
rotation rate mode, and the data from each view is associated with one of the respiration gated 

20 time period, In this mode, unaveraged CT data may be used to generate a higher resolution, tf 

noisier image. m 

3) A respiration gated NM imaging mode in which CT data is acquirer! over one or a 
very few rotations while the patient holds his breath. The CT image is then used to correct an 
NM image that corresponds to this condition. 

25 4) A cardiac gated NM imaging mode in which tire CT d*a is acquired either in a slow 

rotation rate mode or in a fast rotation rate mode, with averaging of the data. In tins mode tire 
attenuation data is no. corrected with tire cardiac cycle. However, the CT image is based on 

averaged data over the cardiac cycle. 

5) A cardiac gated NM imaging mode in which the CT data is acquired in a fast rotauon 
30 rate mode with gating of tire CT da* in accordance with tire same binning astheNM da*. 

An aspect of some preferred embodiments of the invention is concerned wtth the 
consnuction of a combined NM/X-ray CT system. In some prefer embodiments of tire 
invention, tite relationship be^een the X-ray and NM systems are fixed with respect*, 
rotational position. This system, while structurally simple, mns, take data for the X-ray and NM 
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images separately, unless the rotation rate for the TO o is the same as in some of the above 
modes of operation. In some preferred embodiments of the invention, a single mam gantiy, 
provided. One of the two sets of data acquisition systems rota.es wtih the mam gantiy. The 
second acquisition system is mounted on and routes with respec. «o me main gantiy. 

An aspec. of some preferred embodiments of me invention involves me ahgnmen. and 
Vibration of a combined CT/NM imaging system. In preferred embodiments of *e mvenfiorr, 
me structure of tire CT portion of me system is very simple as compared wtih ded.ca.ed CT 
sterns, since tire ahgnmen. and power requirement and tire weigh, of tire sys- ^ 
greatly reduced. In order to simplify tire adjustinen, of tire X-ray system and especrally tire field 
,0 placemen, of me X-ray sys.em, a metirod of ahgnmen. based on a standard 

aor, position and a metirod of providing tirese surfaces witirou. accurate mactanmg of th* 
surfL. hr a preferred embodimen. o, tire invention, tire alignment surfaces axe mounted onto 
are gantiy by screws, based on aposition dererminedby an alignment jig — « ure center 
of ItiTn of the ganny. More preferably, tire absent surfaces are atiached .0 tire ganny by 
„ glue. Due ,o tire reiative.y fight weigh, of tire X-ray sysTem, these mounting metirods are boti, 
efficient and secure. 

In a preferred embodimen. of me invention, the X-ray sys,em and tire NM system are 
axially disp.aced (along tire axis of rotation). Preferably, tire X-ray system is mounted Coser * 
gantry support that is the NM system. 
2 „ There is thus provided in accordance with a preferred embodimen. of tire urvention, a 

metirod of producing a nuclear medicine image of a subject compnsmg: 

uniting nuclear imaging data suitable <o produce a nuclear .omographrc mrage, sard 
nudear image daU being acquired by a gamma camera head routing abou. the subjec. a, an 

average first rate; - 
25 acquiring x-ray imaging daU suitable .o produce an x-ray .omographrc mrage for 

attenuation correction of tire gamma camera image, said X-ray imaging da* being acqutred by 
detectors irradiated by an X-ray source routing around tire subject « an average second rate, 
saidsecondratebemgwimina&ctoroflOofmefirstrat^and 

reconstructing an atiennation coveted nuclear medicine image ntifizmg the nuclear 
30 imaging daU and x-ray imaging dau. Prefembly, the second rate and me firs, rate are 
subsuntially the same. Preferably, tire firs, and second ra.es are tire same. 

There is a*o provided in accordance with a preferred embodimen. of tire urvention, a 
method of producing a nuclear medicine image of a subject comprismg: 
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acquiring nuclear imaging data suitable ,o produce a nuclear tomogmphic image, said 
nuc.eartaageda^beingacqmtedbyaganw.acamemheadrouungabou.ftesubjec,; 

acquiring x-ray imaging data suitable to produce an x-ray tomographtc tmage for 
attenuation coition of the gamma camera image, said X-ray imaging data being acqmred by 
5 detectors irradiated by an X-ray source rotating around the subject; and 

reconstructing an attenuation corrected nuciear medicine .mage utUtzmg the nu !e» 
waging da. and x-ray nnaging data, said x-ray tomographic hnage having an RMS notseleve 
of mom dran about 10 HounsfiCd number, Prefetab,y, dre RMS noise ,eve. ts more *-W 
Hounsfie.d numbers. Preferably, the RMS noise leva, is more than 20 Hounsfield number 
10 Preferably, dre RMS noise level is more dran 50 Hounsfie.d numbers. Prefer^, dre RMS 
noise level is more man ,00 Hounsfield numbers. In a preferred embodiment of the mvention, 
the RMS noise level is less than about 200 Hounsfield numbers. 

to a preferred embodiment of the invention, dre x-ray tomographic tmage has a 
^ution poorer than about 2 ,p/cm in a transaxial direction. Preferably the resohttion , 
15 poorer man about 3. p/cm. Preferably, the resolution is poorer man about 4 ip/cm 

There is aiso provided in accordance with a pmferred embodiment of the mvention, a 
method of producing a nuclear medicine image of a subject, compnsmg: 

acquiring nuclear imaging data suitable to ptoduce a nuclear tomographic .mage, sard 

^^^^M*'^™™^^*^^- e for 
acquiring x-ray imaging data suitable to produce an x-ray tomograplnc tmage for 

attenuation correction of the g *nma camera image, said X-ray imaging data being acqmred by 
detectors irradiated by an X-ray source rotating around the subject; and 

reconstructing an atienuation correct nudear medicine image unhztng the nuclear 
imaging da. and x-ray imaging data, said x-ray tomo^aphic image having a 
25 thaflut 2 ip/em. Preferab,y, the resohttion is poorer than about 3 Ip/cm. Prefeably, the 
resolution is poorer than about 4 lp/cm. 

There is a!so provided in accordance witir a preferred embodiment of me mvention, 
apparatus for producing atienuation corrected nuclear medicine images of patients, compnsmg; 
a. leas, one gamma camera head that acquires nuclear hnage da. suitable to produce a 
30 nuclear tomographic image a. a first controllable rotation rate about an axts; 

a, leas, one X-ray CT imager mat acquires X-tay da. suitable to produce an attenuation 
image for cotrection of the nuclear tomographic image at a second compilable rotation rate 
about the axis; and 
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a controller that controls the data acquisition and first and second rotation rates to 
selectively provide at least two of the following seven modes of operation: 

(i) an ungated NM imaging mode, in which the first and second rotation rates are the 

same; u ^ 

(ii) an ungated NM imaging mode in which the X-ray detectors make a number of 

rotations and the data from each view of the X-ray acquisition for different rotahons ts 

averaged; . . 

(iii) a movement gated NM imaging mode in which me second rotatton rate ts 

substantia!* higher titan the firs, rotation rate and the dam from each view of me x-ray 
0 acquisition is associated with one of a plurality of respiration gated time penods-, 

(iv) a respiration gated NM imaging mode in which CT date is acquirer! over one or a 
very few rotations while the patient holds bis bream, the CT image being used to correct an NM 
image that corresponds to this condition; 

(v) a cardiac gated NM imaging mode in which the second rotation rate is substanually 
,5 the same as the firs, rotation rate or in which the second rotation rate is substentially htgher 

.ban tire ft* roration rate and me data from each view of the X-ray acquisition for afferent 
rotations is averaged, wherein the X-ray data is no. correlated with tire cardtac cycle; 

(vi) a cardtac gated NM imaging mode in which the second rotation rate is higher than 
the firs, rotation rate and the X-ray dam is binned in accordance with a same binning as tire NM 

20 data; and , A 

MO a cardiac gated NM imaging mode in which tire X-ray date is which tire second 

rotation rate is substantial* me same as the first rotation rate and the X-ray date is binned rn 

accordance with a same binning as the NM date. Preferably, tire controller controls the date 

acquisition and firs, and second rotation rates to provide a, leas, three of tite modes of 

25 operation. Preferably, «he controller conteoU tire date acquisition and first and second rotation 

rates to provide a, teas, four of Ore modes of operation. Preferably, the controller controls the 

date acquisition and firs, and second rotetion rates ro provide a, leas, five of the modes of 

operation. Preferably, tire controller controls me data acquisition and firs, and second rotetion 

rates ,0 provide a, leas, six of me modes of operation. Preferably, the controller consols the 

30 data acquisition and firs, and second rotetion rates .o provide all of ft. modes of operation 

te a preferred embodiment of tite invention, tire provided modes of operation include a. 

teas, mode (i). Alternatively or additionally, me provided modes of operation include a. lea.. 

reode (it). Alternatively or additionally, me provided modes of operation include a. leas, mode 

(iii) Alternatively or additionally, tire provided modes of operation include a, leas, mode (,v). 
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Alternatively or addrtionauTure P-idet. modes of operation include a, leas, mode (v). 
«,y or addition, *e provide* mooes of operation include a, .east - 
Alternatively or additionally, the provide* modes of operation inelude a. leas, mode <vu). 

There is a!so provided in aeeordance widr a prefaced emhodhnen, of me mvennon, a 
nudear medicine eamera having an X-ray imaging capability, compnsmg; 

at least one gamma camera mounted on a gantry; and 

an X-ray CT imager mounted on the same gantry, 

herein the a, leas, one gamma camera and said X-ray imager are capahl ^ 
simultaneously rearing ahou, a common axis a, different rotation rates. 
one gamma camera and said X-my imager are capable of simultaneously rotabng about 
rnrnmon axis at the same rotation rate. 

~e is also provided in accordance with a preferred embodiment of the invention, a 
nuclear medicine camera having an X-ray imaging capability, comprising: 

m n,mted on a gantry and capable of being rotated together at a 
a nair of gamma cameras mounted on a ganiry <mu v 

— IZ JL. rate about an axis, said pair of gamma cameras having a — 
mgl e therebetween and being capable of acquiring nuclear imaging d«a for reconsuuetmg 
tomographic nuclear image; and .. „ rav 

I X-ray CT imager mounted on <he same gantty and being capab.e of a« x-ray 

imaging data for reconstructing a x-ray image; and 

a controller drat controls the angle between the gamma cameras. 

Tare is also provided in accordance wim a preferred embodiment of the mvenbon, a 
nuclear medicine camera having an X-ray imaging capability, compnsmg: 

Its, one gamma camera mounted on a ro,or of a gantry and being capabre of 
acquiring nuclear imaging da<a for reeonstructing a nuclear image; and 
5 Z X-ray CT imager mounted on a routing portion of dre same gatrtty and benrg capable 

of acquiring x-ray imaging data for reconstructing a x-ray mage; 

imalprocessingcircui.ynotsimatedonaro.ringporrionof.heganuy^d 

a coll conduit for transfer said nuc.ear and X-ray imaging data to sard cn^y 
P^biy the camera includes addiriona, image processing circuitry mounted on dre ro,*rng 
,0 P^of ute gantry, said addiriona, circuity providing preliminary processing ro at least one 
TZ ly anl nlar imaging data prior ,0 said transferring. Alternative* or a^tUonaUy, 
TZL processing circuiuy is used to recons-nrc, the CT and NM images. Preferabry, 
IrrciLuy is used to reconstruct the CT and NM images. Preferably, the common 
circuitry comprises a same CPU. 
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In a preferred embodiment of the invention, the camera comprises common software 
used to reconstruct the CT and NM images. Alternatively or additionally, the camera comprises 
a multiplexer which multiplexes the nuclear and x-ray data prior to said transmission. 
Preferably, the camera comprises a demultiplexer that demultiplexes the nuclear and x-ray data 

5 after said transmission. 

In a preferred embodiment of the invention, the common conduit includes slip rings. 
Alternatively or additionally, the common conduit includes a wireless link. 

There is also provided in accordance with a preferred embodiment of the invention, a 
method of mounting a CT imager on a gantry: 
1 0 determining a center of rotation of a rotor of the gantry; 

siting a plurality of mounting elements at predetermined positions with respect to the 

center of rotation; and 

attaching the mounting elements to the rotor while keeping the mounting elements at the 

predetermined positions. Preferably, the method comprises: 
1 5 providing a positioning jig referenced to said center of rotation; and 

attaching said mounting elements on said jig. Preferably, the method comprises: 
centering a post at the center of rotation; and 
mounting said jig on said post. 

In a preferred embodiment of the invention, the method comprises: 
20 providing an x-ray source wherein the source is referenced to a first mounting reference 

thereon; 

providing an x-ray detector system wherein the detector is referenced to a second 

mounting surface thereon; and 

mounting the x-ray source and x-ray detector on said attached mounting elements. 
25 Preferably, the mounting elements comprise alignment elements which mate with matching 
elements on the first and second mounting references. 

In a preferred embodiment of the invention, attaching comprises gluing. Alternatively or 
additionally, attaching comprises attaching with screws. 

There is also provided in accordance with a preferred embodiment of the invention, 
30 apparatus for producing attenuation corrected nuclear medicine images of patients, comprising; 

a plurality of gamma camera heads that acquire nuclear image data at a plurality of 
positions about an axis, suitable to produce a nuclear tomographic image ; 
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a, .east one X-ray CT imager ma, acquires X-ray dam suitable to produca an attenuation 
inrage for correction of Ore nueiear .omographie image a, a plurality of positions abont and 

^ image processing circuitry that produces attenuation corrected nuclear images utilizing 
said nuclear and x-ray data; and . . 

a controller that controls tire data acquisition and image processmg ctrcuttry 
seleetively operate in SPECT mode in which a SPECT image is produced and a PET mode m 
which a PET image is produced. 

There is also provided in accordance with a preferred embodiment of me mvenhon, a 
m emod of nuclear imaging, including acquiring attenuation data for correcting the nudear 
image, comprising: 

acquiring nuclear emission data over a firs, axially extending portion of the body; 
determining an extent of a radioactive region of interest in the body; and 
acquiring transmission data over a second axially extending portion of the body, 
responsive to the determined extent. Preferab.y, the second axiaUy extending portion is smaller 
than me firs, axially extending portion. Alternative* or additionally, determining an extent 
comprises acquiring a planar nueiear emission image. AUemative* or additionally, de_g 
an extent comprises determining said extent from said acquired nuclear emission data. 

ta a preferred embodiment of me invention, the transmission data is acqmred usmg an 
0 x-ray source. Alternatively or additional!,, the transmission data is acquired using a gamma ray 



source. 



25 



30 



There is also provided in aceordance with a preferred embodiment of me invention, a 
method of acquiring attenuation datt, for correcting a nueiear image, compnsmg; 
determining an extent of an organ of interest in the body ; 

acquiring nueiear emission data over a firs, axially lending portion of me body larger 

than the organ of interest; and 

acquiring ttansmission datt, over a second axially exteuding portton of the body, 
responsive to me determined extent of me organ, said second portion being substantia,* 
smaUer man me firs, portion. Preferably, determining an extent comprises aequirmg a planar x- 
ray image. Alternatively or additional*, the ttansmission daU is acquired using an x-ray 
source. Ahematively or additionally, determining an extent comprises acquiring a planar 
^nsmission gamma ray image. Alternative* or additionally, me ttansmission data ,s acqmred 
using a gamma my source. Alternatively or additionally, detenninmg an exten, compnses 
acquiring a planar nuclear emission image. 
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In a preferred embodiment of the invention, determining an extent comprises 
determining said extent from said acquired nuclear emission data. 

There is also provided in accordance with a preferred embodiment of the invention, a 
method of producing a nuclear medicine image of a subject, comprising: 
5 acquiring nuclear imaging data suitable to produce a nuclear tomographic unage, said 

nuclear image data being acquired by a gamma camera head rotating about the subject; 

acquiring x-ray imaging data suitable to produce an x-ray tomographic image for 
attenuation correction of the gamma camera image, said X-ray imaging data being acquired by 
detectors irradiated by an X-ray source rotating around the subject; 
10 reducing the sensitivity of gamma camera head while the X-rays are produced; and 

reconstructing an attenuation corrected nuclear medicine image utilizing the nuclear 
imaging data and x-ray imaging data. Preferably, the gamma camera head includes a plurality 
of photomultiplier tubes having dynodes, wherein reducing the sensitivity includes reducing 

voltages on said dynodes. 
, 5 There is also provided in accordance with a preferred embodiment of the invention, a 

method of producing a nuclear medicine image of a subject, comprising: 

acquiring nuclear imaging data suitable to produce a nuclear tomographic image, said 
nuclear image data being acquired by a gamma camera head rotating about the subject; 

acquiring x-ray imaging data suitable to produce an x-ray tomographic image for 
20 attenuation correction of the gamma camera image, said X-ray imaging data being acquired by 
detectors irradiated by an X-ray source rotating around the subject for a plurality of rotations; 

averaging x-ray imaging data of a same view taken at different rotations of the X-ray 
source to produce averaged X-ray imaging data; 

reconstructing an attenuation corrected nuclear medicine image utilizing the nuclear 
25 imaging data and the averaged x-ray imaging data. Preferably, the method includes binning the 
x-ray data with respect to a physical variable, and wherein said averaging is performed on data 
in the same bin and having the same view. Alternatively or additionally, the method includes 
gating the x-ray responsive to a physical variable. 

There is also provided in accordance with a preferred embodiment of the invention, 
30 apparatus for producing attenuation corrected nuclear medicine images of patients, comprising; 

a plurality of gamma camera heads that acquire nuclear image data suitable to produce a 
nuclear tomographic image at a plurality of positions about an axis; 
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at least one X-ray Snager that acquires X-ray data suitable to produce an attenuation 
image for correction of the nuclear tomographic image at a plurality of positions about and axis, 
said X-ray CT imager comprising a stationary anode X-ray tube. 

There is also provided in accordance with a preferred embodiment of the invention, a 
5 registration phantom for registering transmission and emission imaging systems, comprising: 
a substantially attenuating phantom body formed with a plurality of cavities; and 
radio-emissive material filling the cavities. Preferably, at least one of the cavities is a 
long thin cavity. Alternatively or additionally, at least one of the cavities is a spherical cavity. 
Alternatively or additionally, the phantom includes a plurality of radio-opaque marking 
1 0 elements axially offset from said cavities. 

In a preferred embodiment of the invention, the phantom includes at least three such 
cavities. Preferably, the phantom includes at least four such cavities. Preferably, the phantom 

includes at least six said cavities. 

There is also provided in accordance with a preferred embodiment of the invention, a 
15 method of determining a coordinate transformation between a nuclear emission imaging system 
and a transmission imaging system comprising: 

providing a phantom having elements that are imageable by said nuclear emission 
imaging system and elements imageable by said transmission imaging system; 

imaging said phantom by both said systems to provide emission and transmission 

20 images of the phantom; and 

deternfining the transformation from a comparison of said emission and transmission 
images. Preferably, the transmission images are X-ray images. Alternatively or additionally, the 
transmission images are gamma ray images. 

In a preferred embodiment of the invention, the phantom comprises: 
25 a phantom body formed with a plurality of cavities; and 

radio-emissive material filling the cavities. Preferably, the phantom comprises a 
plurality of radio-opaque marking elements axially offset from said cavities. Alternatively or 
additionally, at least one of the cavities is a long thin cavity. Alternatively or additionally, at 
least one of the cavities is a spherical cavity. 
30 In a preferred embodiment of the invention, the radio-emissive material is radio-opaque. 

pp TVPgPT? TPTTON CP? THF m AWINGS 
The present invention will be more clearly understood from the following description of 
the preferred embodiments thereof, taken together with the following drawings, in which: 
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Figs. 1 A and IB are end views of a gamma camera system with attenuation correction, 
in accordance with a preferred embodiment of the invention; 

Fig 1C is a side view of the gamma camera system of Figs. 1 A and IB; 

Fig. ID schematically shows circuitry for information transfer, control and image 
reconstruction, for the system of Figs. 1 A-1C; and 

Fig. 2-8 illustrate the alignment of an X-ray CT imaging system in accordance with a 

preferred embodiment of the invention. 

. „ rr besce eiiqh QF pppppppfd EMBQHMBgS OF USE INVENTION 
Fig 1A and IB illustrate end views and Fig. 1C illustrates a lateral view of a ganuua 
, camera system !0, with attenuation correction, in accordance whh a preferred embodiment of 
me invention. Camera system 10 preferably comprise a pair of gamma camera heads 12 and 14 
and an X-ray imaging system !6. System 16 preferably comprises an X-ray source IS and a 
plurality of X-ray de.cc.ota arranged in an array 20. Camera heads 12 and 14 and sys.em 16 are 
preferably mourned on a same gantiy 22, as shown in Figs. 1A-1C. However, for some 
5 prefened embodiments of tire invention (which may no, embody all me above mentioned 
aspects of me invention) me camera heads and me X-ray sys.em are mounted on mfferen. 
gantries. For some preferred embodiments of the invention, only a single gamma camera head 
is returned. In others three or font heads, equally spaced circumferential* about the axts of 

rotation are used. _ ^ . 

M A patient (no, shown in Figs. 1A-1C) is preferably placed on a table 102 whtch ts 

advanced along an axis of rotation of camera heads 12 and 14 and system 16. A radio-isotope ts 
selectively situated inside the patient, by conventional means such as via tit. blood stream 
(intravenous injection) or tire lungs (inhalation) or by other means known in the art. Preferably, 
heads 12 and 14 generate nuclear imaging date signals in response to gamma rays generated by 

25 the radioisotopes. 

Similarly, X-ray source 18 irradiates me patient, and array 20 generates X-ray data 
signals, in response ,0 X-rays from source 18 which impinge on the X-ray detectors, after 

passing through the patient. 

As shown in Figs. 1A and IB, tire angle between heads 12 and 14 is preferably 
30 adjustable between 90 degrees and 180 degrees, using conventional means. Furthermore, the 
distance between the heads may be adjusted and the transverse positions of each of the heads 
(or of both togetiter) may be adjusted, using conventional mechanical structures. Alternatively, 
the heads are fixed a. one of the positions of Figs. 1A and IB. Further alternatively, three 
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gamma camera, may be prided, name* the two shown in Fig. IB plus a third camera, be.ow 

and between the two cameras shown. 

Referring additionally to Fig. ID, in a preferred embodiment of the invention, the 
nuclear energy signals and the X-ray signals are digitized in digitizers 24 (and 24') and 26, 
5 respectively to produce digital signals on hues 28 and 30 respectively. Digitizing by diggers 
24 and 26 may be preceded by some signal processing and/or image pre-processing, as known 
in the art. In a preferred embodiment of the invention, the signals on lines 26 and 28 are 
multiplexed (and optionally compressed) by a multiplexer 32 and fed to a computer 34 via a 
transmission system 36. Alternatively, one or both of the x-ray and emission data 
10 (SPECT/PET) are preprocessed in corresponding hardware/software and then fed into 
multiplexer 32. It should be understood that in most of the embodiments shown herein PET or 
SPECT imaging may be performed. In preferred embodiments of the invention, the NM 
imaging mode may be switched between PET and SPECT. 

In computer 34, the signals are de-multiplexed (and if necessary, decompressed) for 
15 processing (utilizing algorithms known in the art) to produce three dimensional (or two 
dimensional slice) image, These images which may be displayed on a display 38, stored » a 
memory in the computer, or both. Preferably, the nuclear images are corrected for attenuate 
of intervening tissue and bones, three-dimensional attenuation images produced from data 
generated from the transmission (X-ray) signal, Such correction may use any of the algonthms 

20 known in the art. 

In general, the nuelear medicine data may include raw daia (the outputs of 
pho.omulnp.ier tubes or pixelized detectors of me camera heads) or calculated positions of 
detected nuclear events on the heads (either uncotreeted positions or positions corrected for 
camera head distortions). In producing the nuclear image and the transmission (attenuation) 

25 image, the (angular) position of the camera heads and the x-ray system and the lineal posmon 
of the table with respect to the heads and x-ray system arc taken into account by computer 34. 
These positions are preferably measured by transducers or encoders or by other means, as 
known in the art. 

in a preferred embodiment of the invention, the same CPU and/or other hardware 
30 infrastructure is used in generating bom the nuclear medicine image and the attenuation mtage 
used to correct it. Alternatively or additionally, the same software is used to generate the three 
dimensional nuclear medicine and attenuation images, m general, the reeonsttuction algortthms 
used for X-ray CT reeonsttuction and SPECT reconstruction are the same or very suntlar. Some 
types of PET reeonsttuction also uso some of the same algorithms used for CT reconsttuctton. 
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!n genera!, use of the same hardware, and to some extent, of the same software, allows for a .ess 
expensive overal, system cos,. Of eourse, achieving these advantage* does no, necessan* 
require ma, me da» be muWplexed and gifted over me same tine or transm.ss.on channel, 

as described above. . 

However, in a preferred embodiment of the invention, digits 24 and 26, hnes 28 and 
30 and mui.ip.exer 32 are mounted on the moving portion of gantry 30, Thus, if only a smgle 
emission system 36 is required, mere is a considerable saving in system complex.,, and 
eos, in a prefer embodiment of me invention, transmission system 36 eompnses a shp nng 
sy s.em. I, an alternate preferred embodiment of the invention, me trunsmiss.on system 
comprises a radio or optica, link. Alternative^, me tiansmission system eompnses a coded 
^ssion hne which unwinds as the camera beads route. In any even, tire use of a smg^ 

. . , Aata to the computer and reduces the complexity ot 
link greatly simplifies the transmission of data to the computer 

the transmission system. 

,„ a preferred embodiment of the invention, the nuclear imaging s.gnals and the x-ray 
signs* are preferably squired over different extents of the patient. In a prefaced embodmren. 
ofl invention, transmission data is acquired only for axial shoes for which signrfican, nuclear 
activity is indict or may be expected. For other shoes, no attenuation correction *» ts 
acquired and the nuc.ear image is no, corseted for attenuation. This more limiteo aeomsttion of 
Emission da. means tha, me patient is irradiated by me X-rays for a shorUr rnne and over a 

20 smaller portion of his body. . 

The portion of me patienfs body over which transmission data should be acepnred may 
be determined in a number of ways. For example, a ,ow energy, one dimensional ™.on 
X-ray "scon," image may be acquired to locate tire position of an organ of interns,. The aeon 
image is preferably "assembled" by computer 34 and displayed on display 38. In a preferred 
25 embodiment of the invention, an operator indicates <he extent of the organ, on the nnage, to 
computer 34. A controller 40, receives commands from computer 34 and activates X-ray source 
14 resp „nsive to tire commands, only for those axial positions for which radiation , necessary 
» 'co.ee. for atienuation The patient is irradiated with X-rays only over the axial exren, of the 
organ or other region of interest. 

AUematively or additionally, the uncorrected nuclear image or a planar nuclear nnage .s 
aequired first and displayed. The extent of region of nuclear activity is determined either by tire 
operator, or automatical by tire eompute, A tiansmission image ia then aeqmred as md.ea.ed 
above, only for this axial region. 
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Alternatively, the 3lear data is analyzed for nuclear aetiviry, on a slice by slice basis, 
to determine if transmission data is to be acquired. 

„ should be noted that whue in a preferred embodiment of the inventton, an X-ray 
emission system ia utilized, me advantages of reduced emission radiation exposure can 
also be achieved when a radto-nuchde source is used for transmission tmagurg. Pretobly 
shutter is used to cover the radio nuclide sotuce when transmission imagtng data ts 

^Alternatively or additionally, in a preferred embodiment of me invention, the X-ray 
energy used to irradiate the patient is farmer reduced by reducing the quality requirements for 
the x-ray CT transmission image below mat normally required for such images. In general, CT 
tmages are acquit a. a relatively high X-ray energy in order to allow for me reconstruct, of 
^quality attenuation hnages. However, attenuation images utilized for cotrectton of nuclear 
mine images may be degraded to match me image quahty levels (spatial resohrtton, stgnrf 
to notse and outer such factors) of me nuclear image. Tnus, while normal CT tmagmg utth^s 
15 X-ray levels suitable for 10-20 Ip/cm resolutions, for attenuation cations a spatta 
resolution of 1-3 or even 4 Ip/cm is sufficient. Additionally, while an *MS noise leve. of 1-5 
Hounsfield numbers is generally considered to be required for CT imaging, CT unagmg 
attenuation correction requires only a noise .eve, of abou, 10, 20, 50, 100 or even 20. 
Hounsfield numbem. This results in an X-ray system having much lower energy and power 
20 requirements man those of »s*ndard» CT systems and a much lower weigh, Importantly, tire 
amount of radiation to which me patient is exposed fiom me transmission source ts greatly 
reduced. Furthermore, me alignment accuracy required for me CT system is also reduced, surce 
the accuracy of alignment required is reduced in proportion to the reduced resolunon. These 
reduced requirements allow for me mounting of an appropriate CT system on a nuclear 
25 medicine gantry, without the normal strict mechanical requirements for a CT system. 

I. should be noted ma, as used herein tire term "energy" means "power tunes ttme and 

not photon energy. . . 

A further reduction of weigh, can be achieved by reducing me power reqmred tn 
addition ,o the to*, energy required. In particular, while CT imaging is genera,,, performed a, 
30 a rotation rate of up ,o 2 Hz, CT imaging for attenuation correction can be performed (m some 
circumstances, as described be,ow) a, rotation rates compatible with those utthzed for the 
acquisition of nuc.ear imaging data. TTrese relation rates may be as fas, as 3 cycles per mtnute, 
but are generally slower ma, mat. Thus, normal X-ray CT rotation rates are more titan an order 
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of magnhude faster than normal NM rotation rates and those used if preferred events of 

the present invention. . 

The reduction in energy ean be achieve* in one of a number of way, One way ^ 
.educe Ore power of tire CT. This may be advantageous even if the total energy ,s no, redu«fi 
5 since „ can resul, in a iower cos, and weight X-ray system <for example, usmg a fixed «* 
W oe and/or using a smaller power supply, preferably mounted or, the rotor of fire ganuy (,o 
avoid transfer of high voltages to a moving rotor). 

One way of reducing fire power is to use a less powerful X-ray source. Thts can reduce 
the weigh, and cos, of fine system substantially. A lower cos, aationary anode X-ray tobe can 
„ be used Alternatively or additional fire power suppiy for the babe mounted on and prefembly 
Ceti wifia ,be babe on the rotor. This aUows for transfer of tine vobage, rati,. fi,an ^ 
Lie, to tire rotor for fite X-ray supp.y. Alternatively, a higher power babe may be used tmd 
Ure 1 pulsed for only a shor, time flow duty cycle). This pulsing can take place for example 
TZ the X-ray system is in a position in which da* should be acquired. Tbis ean also aflow 
IS for a svstem with the same or similar benefits. 

b a preferred embodimen, of the invention, fire relative speeds of rourtion of fire nuclear 
and X-ray imaging systems are conbolled and optimised to provide improved .mages 
oepending on the rype of image being acquired. In particu,ar, a system in accordance warn fins 
^ondimentiscapableofop^atinginoneormoreofttrefollowingmodes: 

1 ) An ungated NM imaging mode, in wbicb fire X-ray detectors rotate togefcer w,fir *e 
M.de.lrsolwmchfi.eX-myde.ectorsma.eanmnberofroUtionsandmeda.fiomfiae 

same view for different rotations is averaged. 

2) A respiration gated NM imaging mode in which fite CT data is acqiured m a h,gh 
nation rate mode, and fire da* from eacb view is associated wifia one of the respnabon g ate. 
to e periods, in mis mode, unaveraged CT data may be used to generate a mgber resoluhon, ,f 



25 

noisier image 
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^respiration gated NM imaging mode in which CT dam is acquired over one or a 
very few romtions while the patien, holds his bread,. The CT image is then used to correc, an 
NM image that corresponds to this (breath holding) condidon. 

4 A cardiac gated NM imaging mode in which fire CT data is acquired edher m a a ow 
motion rate mode or in a fas, romtion rate mode with averaging of fire data to sumdate slow 
rotetion. in tbis mode, fire afienuation data is no, correlated wifia me cardiac cycle. However, 
the CT image is baaed on averaged dam over fire carmac cycle. 
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5) A cardiac gated NM imaging mode in which me CT data is acquired in a fas, rotata 

^ „ a preferred embodimen, of the invenrion, computer 34 is supphed with a use, inp* 
42. A user may choose tar, one of a series of protocols, which may have one or more of .he 

above rotation rate relationships. cv « te ms 
m one preferred embodiment of me invention, me nuc.ear metbcne and x-ray system, 
„ mounteo on a singie rotating element and thus, rotate together. For such system. 

in the art) requires that the nuclear medicine system he routed a, a much htgher rate than, 
ll, for such systems, m addition ,0 subjecting the g amma camera heads to undue stress, mts 

^rr;r:=::e— — 

imaeine systems are mounted on separate gantries, as in the above 
7T« m others, a We gantry is provided. However, a pmramy of different eoneenme 
beings are provided. One of these allows for the rotarion of one of the imagmg sterns wrih 
^ec to th fixed reference white me other aHows for the rotation of *e second nnagrng 
"om with respect .0 me fir. imaging system. This may he achieved, ■» * 
lunting me gamma cameras on an outer ring which rotates, on besnngs, mounted m a fixed 
polTof me gantry, Tne X-ray system is mounted on a second ring which rotates on beanngs 
n ed on Z 1 ring. T* — - driven hy septate motors. This — = 
« me two systems rotate ahou. a common axis, which aids in absent and corrdabng of me 

^r^erred embodimen, of me invention, a single power line is used ,o supply a» of 
ft. eqmpmen, which ro-ates. As shown in Fig. fD, contioHer 40 activates the X-ray system 
! dismission data is recuireo. in addition, conboHer 40 may he used to debute pow 
,o the X-ray detector etecronics, and me gamma camera heads. This use of a smgie power me 

utilizing a rolled up cable, which unwinds as the heads and X-ray system r 
w bose Lction may he distributer! over a number of confers, is preferably attired on «he 
moving portion and preferably receives its commands via me same multiplexed _on 
link, described above, used for data transfer. 
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In a preferred embodiment of the invention, the Nuelear medicine system can be 
operated in one of several modes: 

» PET- The nuclear detectors are preferably fitted with one or two dimenstonal wtdely spaced 
septa to block large angle coincidence even,, Alternatively no septa are used. Cotnodence 
events are acquired over one or mote rotations of detectors 12 and 14. 

2) SPECT-The nuclear detectors are fitted with Mnlti-channe! collimatots to detect ganuna 
Nation. The detectors may tie used sin gl y, or together a, 90 « ™ 
configurations. A series of views are taken about a, .east .80 degrees of tire patt«u. My 90 
degrees of roration of tire gantry is required for Ore 90 degree detector configurattoo.) in each 
v,ew detectors 12 and 14 can be moved close to tire patien. ,0 improve resolution of fire .mages. 
3) Whole Body - In each of PET and SPECT as described above, tire detectors .mage a large 
L distance of 400- 5 00 nun. Larger areas can be covered by translating the V~*-»* 

, j •„ _,„. hetween rotations of detectors 12 and 14, or 

This axial translation may he performed in steps, between rou. 

continuously while rotating the detectors, in a spiral mode. 

ta elch of tire above modes, me NM data can be commented with X-ray attenuation 
data derived from X-ray transmission imaging. The X-ray images may be acquired before, 
during or after the SPECT or PET images. As indeed above, the X-ray images may be 
acquired over omy a part of the axial lengm of the scan and may be acquired in a step and shoo, 

"""lion and transmission scans may be interlaced with each other or the emission 
sequences may a» be taken together. For .onger scans, simuhaneous transmission and em.ss.on 
imaeing may take place over different portions of the body. 

m a prefeJed embodiment of tire invention me photimrumpfier rubes (PMTs, are mmed 
off or their sensitivity is reduced while the X-ray is on. Tnis is desirable, since me x-ray flux ts 
; very high and can saturate and blind me PMTs. One possible metirodology ,s ,o turn off the 
PMTs comply. However, if me PMTs are tinned off, me cameras take a — 
stabilize after mey are mmed on again. In a preferred embodhnen, of me mvention, me PMT 
dynode voltages are reduced, thus substantially reducing tire gain of the PMTs and avotdmg 
binding and damage to me PMTs. Addition,,, or alternatively, an x-ray fitter may be ptoeed 
0 over me detector. However, due to me high flux of x-rays, mis is often no, sufficren. by ttself 
The alignment and mounting of an X-ray CT imaging sysrenr in accordance wtm a 
preferred embodiment of the invention, is illustrated with reference to Frgs. 2-8. 

Fig 2 shows a system 10 prior ,o tire mounting of me X-ray system. As tllusuated, tire 
gamma camera heads are already mounted; however, the gamma camera heads, whose 
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ahgnmen, is no, critically be mounted after the mounting of the X-ray sys.cn, On Fig 2 
angiuiici svstem is to be mounted) is 

/ mfrt -\ 0 f the eantrv (on which the A-ray sysicm ia 

the rotating portion (rotor) oi ine ganuy w 

Lca.ec by reference 50 and ft. senary portion («ati>r) of me system .a ntd.ea.ed by 

" Tfns, s,age of tbe afignmen, process, illusnated m Fig. 3, is tbe - of a 

reference .o tire cen.er of rotation of the gantry. As is wen .mown, accuracy of a CT mugmg 
sy s«em depends on an accurate p.acemen, of the X-ray source and detectors - respect to the 

^i:;; is mounted onarod advent device 56 , fum,y aftached ,o a fixed ref^ence 
For examp,, rod adjustinen, device 56 may be anacbed via a bracket 5S to — ^ ™ 
adjustmen, device comprises two spaced apart independen, x-y transverse —n 
I— 60 and 62, to wbicb rod 54 is artached. Two indicaors 64 and 66 are moun ed on 
^ rora .ed rotor 50. Transition mecbanisms 60 and 62 are adjusted as me rotor 
r cd 54 is centered. Separare adjustment of x and y cen.ering may be necessary After me rod 
centered, me indicators and me bracket on which *ey are mounted are removed. 

Fig 4 shows an end view of system 10, after me adjustment of me centermg of rod 54. 
Rod adjustment device 56 continues .0 bold rod 54 altttough it is no. shown in Fig. 4. An X-ray 
Ltor support andanX-ray source support 70 ate mounted on rotor 50. Tbe posmomng of 
5 upports68and70areeachfonnedwimapluralityofgluepockets72. 

These pockets are filled with glue (for example a high stiength epoxy) md.ca.ed by 

ta accordl wim a preferred embodiment of me invention, as described below, X-ray source 
18 and stray 20 are mounted on me mounting inserts 76. Tne step m— - Fig, 6 assures 
5 ma, iuserts 76 are afigned wim the center of ration of me system, by reference to rod 54 

A bridge 78, is mounted ou rod 54. Brtdge 78 has a center hole whose aze closely 
matches me diamCer of rod 54. Insert holders 80 are mounted on bridge 78 and support 
76 in an accurate position vis-a-vis tod 54. Whde me means for mounting mserts 76o. h U«s 
80 are no. shown, mey Really inch.de screws for mounting and pms for ahgnmen of to 
,„ inserts on me insert holders. The bridge is ro,a,ed unti, i, is — ,ly pabular ,o a hn 
connecting me cen.ers of de.ec.ors 12 and 14. This adjusunen. is no, cntical and muy be 
performed by eye. in addition, me bridge is moved axiafiy along rod 54 unti, me mserts are 
appmx.ma.ely centered in pocke* 72. This adjusunen, is no, critical cther. 
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The glue is allowed to set and harden. When the glue has hardened sufficiently, bridge 
78 and holder are dismantled from rod 54 and inserts 76 leaving the inserts attached to rotor 50 
by glue 74. However, due to the method of attachment, the inserts are aligned with rod 54 and 

hence the center of rotation of rotor 50. 
5 Fig 7 shows inserts 76 mounted on supports 68 and 70. Inserts 76 comprise a plurahty 

of pins 82 and threads 84 for mounting detector array 20 and X-ray source 18. Whtle a 
particular arrangement of pins and threads is shown in Fig. 7, any arrangement of puts and 
threads which provides positive positioning and firm mounting may be used. 

Fig 8 shows X-ray source 18 and detector array 20 after mounting. X-ray source 18 and 
10 detector array 20 are and mounted to inserts 76 by holding screws 86 and ho.ding n«s 88. Ptns 
82 fit into matching holes in the housings of source 18 and detector array 20. The position and 
orientation of tire X-ray tube and the detectors are close.y aligned, in the factory with these 
holes, such that no additional alignment of the x-ray source and detector array is necessary. 

The resulting standardization of positions and alignments allows for the sunple field 
15 replacement of X-ray source and/or detectors when such replacement is necessary. 

In a prefetred embodiment of the invention, the relative position, of the coordnuue 
systems of the nuclear medicine imaging system and the X-ray imaging system is detemuned 
by imaging a combined X-ray/NM phantom with both systems. A transformation is detemuned 
between the coordinate systems, based on a known relationship between MM and X-ray 
20 features in the phantom. A suitable phantom is formed with a plurality of cavities or other 
elemems containing radioactive material. Such elements are imaged by both the CT and NM 
systems. Preferably, the radioactive material is opaque to x-rays. A. least three such elements, 
preferably situated in an axial plane, are usually sufficient to align the system. Preferably 4-6 
elements are provided to allow for averaging and for correction of axial skew. In a preferred 
25 embodiment of the invention, the cavities are spherical. Alternatively or additionally , a. least 
some of tire cavities are thin long cavities. Alternatively or additionally, separate elements, 
having known positional relationship are used for determining the transformation. Alternatively 
or additionally, the phantom includes a plurality of radio-opaque marking elements axrally 
offset from said cavities. 

30 In practice, the registration information is used to control combined CT/NM protocols 

inwhichthepositionsofthepatient(bed)areautomatically controlled for the two acquisitions. 

While the gluing system described above is preferred for attaching inserts 76, more 
conventional positioning with shims or the like may be used, for some preferred embodiments 
of the invention. 

20 
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In some preferred embodiments of the invention, the opening for the patient is smaller 
than in normal X-ray CT devices. Preferably, an arm support device (a frame that hnnts the 
radial extent of the patient by folding his arms within the frame) is provided. 

The CT system as disclosed may be a single slice CT or a multi-slice CT, in which a 
5 plurality of rows of detectors allow for the acquisition of multiple slices of CT data at one time. 
Alternatively, a large array of detectors may be provided, and a cone beam of X-ray may by 
used to image a field of view that is similar to or the same as that of the NM detectors. 

The present invention has been described using non-limiting detailed descriptions of 
preferred embodiments thereof that are provided by way of example and are not intended to 
10 limit the scope of the invention. Variations of embodiments described will occur to persons of 
the art. In addition, while preferred embodiments of the invention have been described as 
having certain groups of features, some preferred embodiments of the invention may include 
fewer of more of the features or other combinations of features. Furthermore, the terms 
"comprise," include," and "have" or their conjugates shall mean: "including but not necessarily 
15 limited to." The scope of the invention is limited only by the following claims: 
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CLAIMS 

1 . A method of producing a nuclear medicine image of a subject, comprising: 

acquiring nuclear imaging data suitable to produce a nuclear tomographic image, said 
5 nuclear image data being acquired by a gamma camera head rotating about the subject at an 
average first rate; 

acquiring x-ray imaging data suitable to produce an x-ray tomographic image for 
attenuation correction of the gamma camera image, said X-ray imaging data being acquired by 
detectors irradiated by an X-ray source rotating around the subject at an average second rate, 
10 said second rate being within a factor of 10 of the first rate; and 

reconstructing an attenuation corrected nuclear medicine image utilizing the nuclear 

imaging data and x-ray imaging data. 

2. A method according to claim 1 wherein the second rate and the first rate are 
1 5 substantially the same. 

3. A method according to claim 2 wherein the first and second rates are the same. 

4. A method of producing a nuclear medicine image of a subject, comprising: 

20 acquiring nuclear imaging data suitable to produce a nuclear tomographic image, said 

nuclear image data being acquired by a gamma camera head rotating about the subject; 

acquiring x-ray imaging data suitable to produce an x-ray tomographic image for 
attenuation correction of the gamma camera image, said X-ray imaging data being acquired by 
detectors irradiated by an X-ray source rotating around the subject; and 
25 reconstructing an attenuation corrected nuclear medicine image utilizing the nuclear 

imaging data and x-ray imaging data, said x-ray tomographic image having an RMS noise level 
of more than about 10 Hounsfield numbers. 

5. A method according to claim 4 wherein the RMS noise level is more than 15 
30 Houndsfield numbers. 

6. A method according to claim 4 wherein the RMS noise level is more than 20 
Houndsfield numbers. 
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7. A method according to claim 4 therein the RMS noise level is more than 50 
Houndsfield numbers. 

5 8 . A method according to claim 4 wherein .he RMS noise level is more man 100 
Houndsfield numbers. 



9. A method a< 
Houndsfield numbers 

10 



wording to claim 4 wherein the RMS noise level is less than about 200 
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10. A method according to any of claims 4-9 wherein the x-ray tomographic image has a 
resolution poorer than about 2 lp/cm in a transaxial direction. 

11. A method according to claim 1 0 wherein the resolution is poorer than about 3 lp/cm. 

12. A method according to claim 10 wherein the resolution is poorer than about 4 lp/cm. 



13 A method of producing a nuclear medicine image of a subject, comprising: 

acquiring nuclear imaging data suitable to produce a nuclear tomographic image, said 
20 nuclear image data being acquired by a gamma camera head rotating about the subject; 

acquiring x-ray imaging data suitable to produce an x-ray tomographic image for 
attenuation correction of the gamma camera image, said X-ray imaging data being acqurred by 
detectors irradiated by an X-ray source rotating around the subject; and 

reconstructing an attenuation corrected nuclear medicine image utilizing the nuclear 
25 imaging data and x-ray imaging data, said x-ray tomographic image having a resolution poorer 
than about 2 lp/cm. 

14. A method according to claim 13 wherein the resolution is poorer than about 3 lp/cm. 

30 15. A method according to claim 13 wherein the resolution is poorer than about 4 lp/cm. 

16. Apparatus for producing attenuation corrected nuclear medicine images of patients, 
comprising: 
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a, leas, one gamma camera head that acquires nuclear image daU suitable to produce a 
nuclear tomographic image at a first controllable rotation rate about an axis; 

a. leas, one X-ray CT imager that acquires X-ray data sui«able «o produce an attenuation 
image for correction of me nuclear tomographic image a, a second controllable rotation rate 

5 about the axis; and 

a controller that controls the data acquisition and first and second rotation rates to 

selectively provide at least two of the following seven modes of operation: 

(i) an ungated NM imaging mode, in which the first and second rotation rates are the 

same; ~ 
,0 (it) an ungated NM imaging mode in which the X-ray detectors make a number of 

rotations and the dan, from each view of the X-ray acquisition for different rotations . 
averaged; 

(iii) a movement gated NM imaging mode in which the second rotation rate is 
substantially higher than the first rotation rate and the data from each view of the x-ray 

15 acquisition is associated with one of a plurality of respiration gated time periods; 

(iv) a respiration gated NM imaging mode in which CT data is acquired over one or a 
very few rotations while the patient holds his breath, the CT image being used to correct an NM 
image that corresponds to this condition; 

(v) a cardiac gated NM imaging mode in which me second rotation rate is substimhally 
20 the same as the first rotation rate or in which the second rotation rate is substimtially htgher 

than the firs, rotation rate and me date from each view of me X-ray acquisition for dtfferen. 
rotations is averaged, wherein the X-ray data is not correlated with the cardtae cycle; 

(vi) a cardiac gated NM imaging mode in which the second rotation rate is htgher than 
me firs, .elation rate and me X-ray data is binned in accordance with a same binning as the NM 

25 data; and 

(vii) a cardiac gated NM imaging mode in which the X-ray data is whtch the second 
rotation rate is substantially me same as me firs, natation rate and me X-tay dam is bmned m 
accordance with a same binning as the NM data. 

30 17. Apparatus according to claim 16 wherein the controller controls the data acquisition and 
first and second rotation rates to provide at least three of the modes of operation. 

18. Apparatus according to claim 16 wherein the controller controls the data acquisition and 
first and second rotation rates to provide at least four of the modes of operation. 
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19. Apparatus according to claim 16 wherein the controller controls the data acquisition and 
first and second rotation rates to provide at least five of the modes of operation. 

5 20. Apparatus according to claim 16 wherein the controller controls the data acquisition and 
first and second rotation rates to provide at least six of the modes of operation. 

21. Apparatus according to claim 16 wherein the controller controls the data acquisition and 
first and second rotation rates to provide all of the modes of operation. 

10 

22. Apparatus according to any of claims 16-20 wherein the provided modes of operation 
include at least mode (i). 

23. Apparatus according to any of claims 16-20 wherein the provided modes of operation 
15 include at least mode (ii). 

24. Apparatus according to any of claims 16-20 wherein the provided modes of operation 
include at least mode (iii). 

20 25. Apparatus according to any of claims 16-20 wherein the provided modes of operation 
include at least mode (iv). 

26. Apparatus according to any of claims 16-20 wherein the provided modes of operation 
include at least mode (v). 

27. Apparatus according to any of claims 16-20 wherein the provided modes of operation 
include at least mode (vi). 

28. Apparatus according to any of claims 16-20 wherein the provided modes of operation 
30 include at least mode (vii). 

29. A nuclear medicine camera having an X-ray imaging capability, comprising: 
at least one gamma camera mounted on a gantry ; and 
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an X-ray CT imager mounted on the same gantry, 

wherein the at least one gamma camera and said X-ray imager are capable of 
simultaneously rotating about a common axis at different rotation rates. 

30. A nuclear medicine camera according to claim 29 wherein the at least one gamma 
camera and said X-ray imager are capable of simultaneously rotating about a common axis at 
the same rotation rate. 

3 1 A nuclear medicine camera having an X-ray imaging capability, comprising: 
10 a pair of gamma cameras mounted on a gantry and capable of being rotated together at a 

common first rotation rate about an axis, said pair of gamma cameras having a controllable 
angle therebetween and being capable of acquiring nuclear imaging data for reconstructing a 

tomographic nuclear image; and 

an X-ray CT imager mounted on the same gantry and being capable of acquiring x-ray 

1 5 imaging data for reconstructing a x-ray image; and 

a controller that controls the angle between the gamma cameras. 

32. A nuclear medicine camera having an X-ray imaging capability, comprising: 

at least one gamma camera mounted on a rotor of a gantry and being capable of 
20 acquiring nuclear imaging data for reconstructing a nuclear image; and 

an X-ray CT imager mounted on a rotating portion of the same gantry and being capable 
of acquiring x-ray imaging data for reconstructing a x-ray image; 

image processing circuitry not situated on a rotating portion of the gantry ; and 

a common conduit for transferring said nuclear and X-ray imaging data to said circuitry. 
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33 A camera according to claim 32 and also including additional image processing 
circuitry mounted on the rotating portion of the gantry, said additional circuitry providing 
preliminary processing to at least one of the x-ray and nuclear imaging data prior to said 
transferring. 

34. A camera according to claim 32 wherein the image processing circuitry is used to 
reconstruct the CT and NM images. 
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35. A camera 
and NM images. 

36. A camera 



according to claim 34 wherein common circuitry is used to reconstruct the CT 



according to claim 35 wherein the common circuitry comprises a same CPU. 



37. A camera according to claim 36 and including common software used to reconstruct the 
CT and NM images. 

38. A camera according to claim 32 and including a multiplexer which multiplexes the 
1 0 nuclear and x-ray data prior to said transmission. 

39. A camera according to claim 38 and including a demultiplexer that demultiplexes the 
nuclear and x-ray data after said transmission. 

a- „ +~ o«« r>f Harris 32-39 wherein the common conduit includes slip 
15 40. A camera according to any ot claims si. jy wlKlcm "* 

rings. 

41. A camera according to any of claims 32-39 wherein the common conduit includes a 
wireless link. 

20 

42. A method of mounting a CT imager on a gantry: 
deterniining a center of rotation of a rotor of the gantry; 

siting a plurality of mounting elements at predetermined positions with respect to the 
center of rotation; and 

25 attaching the mounting elements to the rotor while keeping the mounting elements at the 

predetermined positions. 

43 . A method according to claim 42 and including: 

providing a positioning jig referenced to said center of rotation; and 
30 attaching said mounting elements on said jig. 

44. A method according to claim 43 wherein said method comprises: 
centering a post at the center of rotation; and 
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mounting said jig on said post. 

45 A method according to any of claims 42-44 and including: 

providing an x-ray source wherein the source is referenced to a first mounting reference 

thereon; 

providing an x-ray detector system wherein the detector is referenced to a second 

mounting surface thereon; and 

mounting the x-ray source and x-ray detector on said attached mounting elements. 

46. A method according to claim 45 wherein the mounting elements comprise alignment 
elements which mate with matching elements on the first and second mounting references. 

47. A method according to any of claims 42-44 wherein attaching comprises gluing. 

48. A method according to any of claims 42-44 wherein attaching comprises attaching with 
screws. 

49. A method according to claim 45 wherein attaching comprises gluing. 

50. A method according to claim 45 wherein attaching comprises attaching with screws. 

51. A method according to claim 46 wherein attaching comprises gluing. 

52. A method according to claim 46 wherein attaching comprises attaching with screws. 

53. Apparatus for producing attenuation corrected nuclear medicine images of patients, 
comprising; 

a plurality of gamma camera heads that acquire nuclear image data at a plurality of 
positions about an axis, suitable to produce a nuclear tomographic image ; 
) at least one X-ray CT imager that acquires X-ray data suitable to produce an attenuation 

image for correction of the nuclear tomographic image at a plurality of positions about and 
axis; 

image processing circuitry that produces attenuation corrected nuclear images utilizing 
said nuclear and x-ray data; and 

28 



PCT/IL99/00300 

WO 00/75691 

a controller to. Controls the data acquisition and image processing circuitty to 
seleetively operate to SPECT mode to which a SPECT image is produced and a PET mode m 
which a PET image is produced. 

5 54. A method of nuclear imaging, including acquiring attenuation data for correcting the 

nuclear image, comprising: 

acquiring nuclear emission data over a first axially extending portion of the body; 
determining an extent of a radioactive region of interest in the body; and 
acquiring transmission data over a second axially extending portion of the body, 
1 0 responsive to the determined extent. 

55. A method according to claim 54 wherein me second axially extending portion is smaller 
than the first axially extending portion. 

Mo™ *A nr claim 55 wherein determining an extent comprises 
15 56. A method according to claim 54 or claim oo WI1CICU 

acquiring a planar nuclear emission image. 

57. A method according to claim 54 or claim 55 wherein determining an extent comprises: 
determining said extent from said acquired nuclear emission data. 

58. Amemodaccordmgtoclaim^^^ 
using an x-ray source. 

59. A method according to claim 54 or claim 55 whereto me transmission data is acquired 
25 using a gamma ray source. 

60. A method aceording to claim 56 whereto toe transmission data is acquired using an x- 
ray source. 

30 61 . A method according to claim 56 wherein me transmission data is acquired using a 
gamma ray source. 



62. A 
ray source. 



method according to claim 57 wherein the transmission data is acquired using an x- 
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63. A method according to claim 57 wherein the transmission data is acquired using a 
gamma ray source. 



5 64. A 
ray source 



method according to claim 58 wherein the transmission data is acquired using an x- 



method according to claim 58 wherein the transmission data is acquired using a 



65. A 
gamma ray source. 

10 

66. A method of acquiring attenuation data for correcting a nuclear image, comprising: 
determining an extent of an organ of interest in the body; 

acquiring nuclear emission data over a first axially extending portion of the body larger 

than the organ of interest; and 
15 acquiring transmission data over a second axially extending portion of the body, 

responsive to the determined extent of the organ, said second portion being substantially 
smaller than the first portion. 

67. A method according to claim 66 wherein determining an extent comprises acquiring a 
20 planar x-ray image. 

68. A method according to claim 66 or claim 67 wherein the transmission data is acquired 
using an x-ray source. 

25 69. A method according to claim 66 wherein deternnning an extent comprises acquiring a 
planar transmission gamma ray image. 

70. A method according to claim 66 or claim 69 wherein the transmission data is acquired 
using a gamma ray source. 
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71. A method according to claim 66 wherein deterniining an extent comprises acquiring a 
planar nuclear emission image. 
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72. A method according to claim 66 wherein detemiining an extent comprises: 
determining said extent from said acquired nuclear emission data. 

73 A method of producing a nuclear medicine image of a subject, comprising: 
5 acquiring nuclear imaging data suitable to produce a nuclear tomographic image, said 

nuclear image data being acquired by a gamma camera head rotating about the subject; 

acquiring x-ray imaging data suitable to produce an x-ray tomographic image for 
attenuation correction of the gamma camera image, said X-ray imaging data being acquired by 
detectors irradiated by an X-ray source rotating around the subject; 
1 0 reducing the sensitivity of gamma camera head while the X-rays are produced; and 

reconstructing an attenuation corrected nuclear medicine image utilizing the nuclear 
imaging data and x-ray imaging data. 

74 A method according to claim 73 wherein the gamma camera head includes a plurality of 
15 photomultiplier tubes having dynodes, wherein reducing the sensitivity includes reducmg 

voltages on said dynodes. 

75 A method of producing a nuclear medicine image of a subject, comprising: 

acquiring nuclear imaging data suitable to produce a nuclear tomographic image, said 
20 nuclear image data being acquired by a gamma camera head rotating about the subject; 

acquiring x-ray imaging data suitable to produce an x-ray tomographic image for 
attenuation correction of the gamma camera image, said X-ray imaging data being acqmred by 
detectors irradiated by an X-ray source rotating around the subject for a plurality of rotations; 

averaging x-ray imaging data of a same view taken at different rotations of the X-ray 
25 source to produce averaged X-ray imaging data; 

reconstructing an attenuation corrected nuclear medicine image utilizing the nuclear 

imaging data and the averaged x-ray imaging data. 



30 



76 A method according to claim 75 and including: 

binning the x-ray data with respect to a physical variable, and wherein said averaging is 
performed on data in the same bin and having the same view. 



77. A 
variable. 



method according to claim 75 and including gating the x-ray responsive to a physical 
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78. Apparatus 



for producing attenuation corrected nuclear medicine images of patients, 
comprising; 

a plurality of gamma camera heads that acquire nuclear image data suitable to produce a 
5 nuclear tomographic image at a plurality of positions about an axis; 

at least one X-ray CT imager that acquires X-ray data suitable to produce an attenuate 
imag e for correction of the nuclear tomographic image at a plurality of positions about and axis, 
said X-ray CT imager comprising a stationary anode X-ray tube. 



10 79. 



A registration phantom for registering transmission and emission imaging systems, 



comprising: 

.bstantially attenuating phantom body formed with a plurality of cavities; and 



a sue 

radio-emissive material filling the cavities. 



15 80. A phantom 
cavity. 



according to claim 79 wherein at least one of the cavities is a long thin 



81. A 
cavity. 

20 



phantom according to claim 79 wherein at least one of the cavities is a spherical 



82. A phantom according to any of claims 79-81 and including a plurality of radio-opaque 
marking elements axially offset from said cavities. 

83. A phantom according to any of claims 79-81 wherein the radio-emissive material is 
25 radio-opaque to x-rays. 

84. A phantom according to any of claims 79-81 and including at least three such cavities. 

85. A phantom according to any of claims 79-81 and including at least four such cavities. 

30 . ., ... 

86. A phantom according to any of claims 79-81 and including at least six said cavities. 

87. A phantom according to claim 82 and including at least three such cavities. 
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88. A phantom according to claim 82 and including at least four such cavities. 

89. A phantom according to claim 82 and including at least six said cavities. 

5 90. A method of determining a coordinate transformation between a nuclear emission 

imaging system and a transmission imaging system comprising: 

providing a phantom having elements that are imageable by said nuclear emission 

imaging system and elements imageable by said transmission imaging system; 
10 imaging said phantom by both said systems to provide emission and transmission 

images of the phantom; and 

determining the transformation from a comparison of said emission and transmission 

images, 

15 9i. A method according to claim 90 wherein the transmission images are X-ray images. 

92. A method according to claim 90 wherein the transmission images are gamma ray 
images. 

20 93. A method according to any of claims 90-93 wherein the phantom comprises: 
a phantom body formed with a plurality of cavities; and 
radio-emissive material filling the cavities. 

94. A method according to claim 93 wherein the radio-emissive material is radio-opaque to x- 
25 rays. 

95. A method according to claim 93 wherein the phantom comprises a plurality of radio- 
opaque marking elements axially offset from said cavities. 

30 96. A phantom according to claim 93 wherein at least one of the cavities is a long thin 
cavity. 

97. A phantom according to claim 93 wherein at least one of the cavities is a spherical 
cavity. 
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